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LARGE-AREA MOLECULAR JUNCTIONS 









Electron tunneling through alkanedithiol 




In this chapter the electrical transport is described through self-assembled 
monolayers (SAMs) of alkanedithiols, by using the Simmons model for tunneling 
through a practical barrier, i.e., a rectangular barrier with the image potential 
included. The strength of the image potential depends on the value of the dielectric 
constant. A value of 2.1 was determined from impedance measurements. The large 
and well-defined area of these molecular junctions allow for a simultaneous study 
of the capacitance and the tunneling current under operation conditions. Electrical 
transport for C8 through C14 dithiol SAMs up to 1 V can simultaneously be 
described by a single effective mass and a barrier height. There is no need for 
additional fit constants. The barrier heights are in the order of 4 to 5 eV and vary, 
unexpectedly, systematically with the length of the molecules. Irrespective of the 
length of the molecules, an effective mass of 0.28 was determined, which is in 
excellent agreement with theoretical predictions. 
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Thiol-terminated molecules have been of much interest in recent years in the 
field of molecular electronics, experimentally [1,2,3,4,5,6,7,8,9] as well as 
theoretically [10,11,12,13,14,15]. Theoretical descriptions of electrical transport 
through molecular wires show that contacts, coupling of contacts to molecules, 
interface geometries and vibrations are important in single molecule experiments 
[16,17,18,19,20,21]. For studies on a large ensemble of molecules some of these 
effects will average out over all the molecules. Consequently, differences in 
electrical transport between measurements on single molecules and on self-
assembled monolayers (SAMs) were observed experimentally [5,22,23]. 
Alkane(di)thiols are non-conducting molecules with a bandgap of 8–10 eV [10,22] 
and consist of a saturated carbon backbone with one (or two) thiol end groups. 
Experimentally, the tunneling current through a monolayer of alkane(di)thiols was 
shown to be temperature independent and to decrease exponentially with increasing 
molecular length [4,5, Chapters 3 and 4 of this thesis]. The transport has been 
interpreted in terms of the classical tunneling model through a thin insulating film 
as provided by Simmons [24,25]. In this model the tunneling current is dependent 
on the mean value of the barrier height, allowing for a simplification of the 
problem of an arbitrary shaped potential barrier to that of a rectangular barrier. This 
model has been applied to junctions based on SAMs [4,26], but an extra fit 
parameter α is needed to obtain a fit to the measured data. However, as already 
explained by Simmons, for a practical tunnel junction the image potential has to be 
taken into account [24,25]. This effect has been neglected in the literature so far. 
 
The system studied in this report is a tunnel junction with an alkanedithiol self-
assembled monolayer as the insulating film, a bottom gold electrode and a highly 
conducting polymer, PEDOT:PSS, as a top contact. The polymeric top contact 
allows for the fabrication of devices with a yield of almost unity for areas up to 100 
µm in diameter [5]. As described in the previous chapters, the polymer acts as a 
cushion for the thermally evaporated metal atoms to land on and prevents the metal 
atoms from penetration into the molecular layer. Consequently, the formation of 
electrical shorts is prevented [27]. We used alkanedithiols ranging from 1,8-
octanedithiol (hereafter abbreviated in this chapter as C8) to 1,14-
tetradecanedithiol (C14), which corresponds to a tunnel barrier width between 14.8 
Å and 22.6 Å. Since vapor deposited Au has a workfunction ~ 5 eV (3) and 
PEDOT:PSS a workfunction of ~ 5.2 eV, the modeling was done according to the 
Simmons model for dissimilar electrodes [25]. For clarity the theoretical work of 
Simmons is explained first for similar electrodes [24]. It should be noted that the 
small difference in workfunction of ~ 0.2 eV will not lead to any significant 
difference in interpretation. 
 









5.2 Simmons model 
The tunneling current density J through a rectangular potential barrier with 
height 0ϕ  is given by (4, 24, 26): 














,      [3] 
where s∆  is the barrier width at the Fermi level of the electrodes, here equal to the 
total length s of the tunneling path between the electrodes, em  is the bare electron 
mass, V the applied voltage and h is the Planck constant. β  is a correction 
parameter, which approaches unity for V < 0ϕ /e [24]. α is a dimensionless constant 
that was added to provide a way for fitting the tunneling current. The physical 
meaning of α  is still under debate. It might be due to a non-rectangular barrier 
shape, to the effective mass of the electrons tunneling through the molecules (with 
α2 = me
*) or a combination of both [4,28]. In generalα  = 1 results in the best fit for 
the low-voltage range, i.e., V ≤ 0.3 V. However, to model the current up to 1 V 
bias, the value of α  has to be adjusted. Wang et al. [4] obtained for dodecanethiol 
at low voltagesα = 1, 0ϕ = 0.65 eV and at higher voltages α = 0.65, 0ϕ = 1.39 eV. 
Li et al. [26] obtained similar values, α = 1, 0ϕ = 0.66 eV and α = 0.61, 0ϕ = 1.83 
eV, respectively. If we apply this model to our large area junctions with a C12 
SAM values of α = 1 and 0ϕ = 0.72 eV are found for V ≤ 0.3 V and α = 0.53 and 
0ϕ = 2.42 eV for higher voltages. Clearly, there are inconsistencies when applying 
the rectangular barrier model to molecular tunnel junction characteristics. Firstly, 
there is no reason for two significantly different barrier heights at a bias V < 0ϕ /e. 
Secondly, the physical nature of α  is unknown and, finally, the values of the 
obtained barrier heights between 0.65 eV and 2.42 eV are much lower than the 
expected barrier height of 4 to 5 eV, when the energy levels of the contacts are 
roughly in the middle of the HOMO-LUMO gap of alkane(di)thiols. This was 
shown in molecular tunnel junctions based on alkane(di)thiols with Au contacts, 









where the nearest molecular energy level is around 4 to 5 eV from the Fermi level 
of the Au contact [10,28]. 
An important omission of the classical rectangular barrier model is that the 
image potential is not taken into account. Incorporating the image force will clearly 
reduce the effective height and width of the potential barrier. The image potential 
















= .      [5] 
Here 0ε  is the permittivity of vacuum and rε  is the relative dielectric constant of 
the insulating monolayer. In general, the smaller the value of rε , the lower is the 
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eV λϕϕ , [7] 
where 1s  is the distance between the potential barrier at the Fermi level of the 
contacts and the Au electrode at x = 0, and 2s  the distance from the Au electrode to 
the potential barrier at the PEDOT:PSS electrode. Thus the width of the barrier s∆  
at the Fermi level of the Au contact is given by s∆  = 2s – 1s  (see Figure 5.6). After 
the final calculation of the barrier shape, including the image potential and the 
mean value of the barrier height, the current density for intermediate voltage range  
0 < V < 0ϕ /e is given by [24] 
( )eVAA eeVeJJ +−− +−= ϕϕ ϕϕ )(0 ,     [8] 
where A is given by Eq. 3 in which the bare electron mass is replaced by me*, the 
electron effective mass. 









5.3 Impedance measurements 
 
Figure 5.1 Arrays of large-area molecular junctions processed on a Pyrex wafer. The inset shows 
the complete 4-inch wafer after completion. 
 
To determine the strength of the image potential, we first have to determine the 
value of the dielectric constant rε . To do accurate impedance measurements on a 
monolayer, both the tunneling current and capacitance need to be measured for 
sufficiently large areas. Previously, the capacitance was measured electrically in 
so-called hanging mercury drop electrode experiments, resulting in a dielectric 
constant for alkane(di)thiols ranging from 2.0 to 2.7 [9,29]. In large-area molecular 
junctions, both the device area and the thickness of the monolayer are well defined. 
The device areas, defined in vertical interconnects in photoresist, range from 
7.1×10–11 – 7.8×10–9 m2 (for diameters of 10–100 µm). Therefore, the capacitance 
and the tunneling current can be measured in situ for different device areas. For the 
impedance measurements the junctions were processed on 4-inch Pyrex wafers, see 
Figure 5.1. The use of non-conducting Pyrex wafers eliminates parasitic 
capacitances that originate from the highly doped silicon wafers that we used as 
substrates in the work that was described in the previous chapters. The Pyrex 
wafers have a slightly higher surface roughness (1–2 nm RMS) compared to the 
Si/SiO2 wafers. In Chapter 2 it was shown that a higher roughness of the bottom 
electrode might lead to a higher current through the SAM, most likely due to the 
increased amount of defects in the SAM. To verify that devices fabricated on Pyrex 
result in similar I–V characteristics as obtained on the Si/SiO2 wafers, the 
resistance at 0.1 V bias of a C12 SAM is plotted in Figure 5.2. The resistance is 
slightly decreased for devices processed on the Pyrex wafers, compared to the 
average value obtained (solid line, grey) for devices processed on the Si/SiO2 









wafers. However, the small decrease in resistance is negligible since it is within the 
error of measurement. 
 
 
Figure 5.2 Resistance multiplied with device area (RS) obtained at 0.1 V bias for a C12 SAM. The 
average resistance of devices on Si/SiO2 with 60 nm Au bottom electrodes is given by the solid line 
(grey). The average resistance for devices fabricated on a Pyrex wafer is slightly decreased due to the 
higher surface roughness of the Pyrex compared to the Si/SiO2 roughness. 
 
The impedance measurements were done under high vacuum (< 10-6 mbar) 
with a Solartron SI 1260 Impedance/Gain-Phase Analyzer, at 0 V dc bias and 100 
mV ac in a frequency range of 100 Hz to 7 MHz. Figure 5.3a and b show the 
typical output characteristics of measurements (data points) on a C14 SAM for 
different device areas. Figure 5.3a shows the absolute magnitude of the impedance 
|Z| as a function of frequency and the phase of the signal versus the frequency is 
plotted in Figure 5.3b. The impedance and phase characteristics are subsequently 
fitted (solid line) with an equivalent circuit shown in the inset of Figure 5.3b. Here, 
the resistance of the monolayer is depicted by the resistor RSAM, in parallel with the 
total capacitance CTOT, and a series resistance RS. RS represents the resistance of 
the contacts and the wiring, which is very small compared to RSAM (RS << RSAM). 
The total capacitance measured CTOT consist of two parallel capacitances, i.e., the 
capacitance of the monolayer CSAM and the capacitance of the photoresist CRES. The 
thickness of the photoresist (570 nm) is much larger than the thickness of the SAM. 
However, due to the relatively large overlap of the bottom and top electrode of ~ 
0.23 mm2, the capacitance of the photoresist cannot be disregarded. This parasitic 
capacitance was determined separately by impedance measurements on 
Au/photoresist/PEDOT:PSS/Au structures without holes/vias in the photoresist 
layer. With the determined dielectric constant of the photoresist of 5.3, the total










Figure 5.3 Output characteristics of impedance measurements at 0 V bias on a C14 SAM for five 
different devices with diameters of 20–100 µm. (a) The measured absolute magnitude of the 
impedance |Z| versus the frequency of the AC signal. (b) The phase difference plotted versus 
frequency. The inset in (b) shows the equivalent circuit used for modeling the data and the fit results 
are plotted in (a) and (b) (solid line). The total capacitance measured (depicted by CTOT in the 
equivalent circuit) consist of two parallel capacitances, i.e., the capacitance of the monolayer CSAM 
and the capacitance of the photoresist CRES. 
 
capacitance measured can be corrected for this parallel capacitance CRES to obtain 
the capacitance of the SAM (CSAM). The capacitance of the SAM is calculated by 
CSAM = CTOT – CRES, where the device area should be subtracted from the area of 
the overlapping bottom and top electrode to calculate CRES. The measured RC time 
of this equivalent circuit is therefore not independent of device area, since the area 
of the parallel capacitance CRES reduces with increasing device area. 
The impedance (see Figure 5.3a) is constant at low frequency and decreases 
linearly with increasing frequency. The constant value of the impedance at lower 
frequencies is determined by the value of RSAM. From the slope of the impedance 
versus frequency in the higher frequency range, where the phase difference 
approaches –90 º, the value of the total capacitance CTOT can be calculated. Due to 
the series resistance RS the phase is not saturating at maximum frequency at –90 º 
but at a lower value. With increasing the device area (or decreasing RSAM) the 
effect of the series resistance RS will be more profound and the phase will saturate 









at lower values. The transition frequency (fT) at which the impedance will change 
from constant value (dominated by the resistance of the SAM) to a lower and 
frequency dependent value (dominated by the total capacitance), is an important 
parameter for showing the limitations and requirements of capacitance 
measurements on single molecular layers. When the device area is increased, the 
device resistance RSAM will decrease and fT will shift to higher frequencies, as 
shown in Figure 5.3a. The maximum frequency is fixed at 7 MHz and limited by 
the measurement set-up. Therefore, the frequency range and the accuracy for 
determining the capacitance will decrease with increasing device area. When the 
transition frequency is at 2 MHz, half a decade in frequency range (2–7 MHz) is 
available to calculate the capacitance with reasonable accuracy. A maximum 
transition frequency of ~ 2 MHz corresponds to a device where the monolayer in 
the device has a resistance of ~ 1 kΩ. For an accurate measurement of the 
capacitance of a C14 SAM, the upper limit of 2 MHz for fT corresponds to a device 
with a diameter of ~ 100 µm. Besides an upper limit in device area, the lower limit 
in device area results from the overlap of the top and bottom electrode, as 
discussed above. When the diameter of the device is < 10 µm, the parallel 
capacitance due to the Au/photoresist/PEDOT:PSS structure is much larger than 
the capacitance of the monolayer, resulting in a large error in the determined 
capacitance of the monolayer and, consequently, less accurate measurement of the 
dielectric constant. Taking into account the above-mentioned considerations, our 
research for C12 SAM and C14 SAM junctions is limited to devices with a 
diameter in the range of 20–100 µm. 
 
   
Figure 5.4 The measured capacitance for a C14 SAM plotted versus device area. The error bars 
give the standard deviation upon averaging over at least 8 devices. The linear fit to the data results in 
a dielectric constant of εr = 2.09 ± 0.05. 
 









In Figure 5.4 the capacitance of the C14 SAM is plotted versus device area. 
The data points and the error bars represent the average value and standard 
deviation of at least 8 different devices for each area. From the slope of the linear 
fit through the data points, the relative dielectric constant can be calculated using a 
thickness d of the monolayer, which is given by the length l of the molecules and 
their tilt angle of 30°; via d = cos(30) × l. Although the surface of our Au bottom 
electrodes evaporated on Pyrex and SiO2 is not atomically flat, the gold surface 
adopts predominantly a (111) orientation. Alkane(di)thiols are tilted 30 º from the 
normal to the surface when the monolayer is adsorbed on Au (111) [6,30,31]. The 
length of 1,14-tetradecanedithiol (C14) molecules (including a 2.3 Å Au–S bond) 
was calculated to be 22.6 Å by using ACD/Labs 8.00 software, resulting in a 
thickness d of the SAM of 19.6 Å. Using this value of d, a dielectric constant rε  = 
2.09 ± 0.05 was calculated from the slope of the linear fit. This value is in good 
agreement with the value determined previously from the hanging mercury drop 
electrode experiments, where a value ranging from 2.0 to 2.7 was obtained [9,29]. 
For C12 we obtained a similar value of rε  = 2.01 ± 0.08. To verify that the 
impedance measurements are temperature independent, the capacitance of the 
SAM was measured in the range of 200–300 K. For this temperature range the 




Figure 5.5 The directly measured I–V characteristic (○) compared to the current calculated from 
the impedance measurements at different dc voltages (■) for a device with diameter 20 µm, for a C14 













The resistance will decrease with increasing dc voltage, since the tunneling 
current increases exponentially with applied field. In the impedance measurements 
this will lead to a shift of fT to higher frequencies. Therefore, measurements at 
higher dc bias are limited to C14 SAMs. The resistance RSAM at different dc bias 
can be determined from the modeling with the equivalent circuit. Since the 
obtained resistance RSAM from the impedance measurements at certain applied dc 
bias equals dV/dI for that specific applied voltage, integration of dI/dV will result in 
the original I–V characteristic. This is shown in Figure 5.5, where the current of a 
C14 SAM, with a device diameter of 20 µm is calculated from the impedance 
measurements. Compared to the separate, directly measured dc I–V characteristic 
for positive applied bias, exactly the same I–V characteristic is obtained, showing 
the consistency of the measurements. A change in relative dielectric constant with 
increasing electric field, i.e., with increasing dc voltage, was not observed within 
the error of the measurement. 
 









5.4 Electrical transport 
Now that we have established the dielectric constant of an alkanedithiol 
monolayer to be 2.1, the strength of the image potential at position x in the 
potential barrier can be calculated using Eq. 4. To illustrate the significant effect of 
the image potential on the rectangular potential barrier shape (Figure 5.6), we 
calculate the image potential for a dodecanedithiol molecule (C12, length 19.9 Å) 
between two contacts. The Fermi level of both contacts is positioned at 0 eV. The 
nearest molecular energy level, i.e., the height of the rectangular barrier, 0ϕ , is 




Figure 5.6 An illustration of the effect of the image potential on the potential barrier shape at 0 V 
bias (a) and at 1 V bias (b). The rectangular barrier (solid line) at 4.5 eV is lowered, rounded at the 
corners and the barrier width, ∆s, at the Fermi level of the contacts is reduced. 
 
The resulting potential barrier is rounded at the corners and the total area under 
the potential barrier is strongly reduced compared to the initial rectangular barrier. 
In total these effects will strongly enhance the probability for a charge carrier to 
tunnel though the barrier. Two fit parameters were used for the final modeling: 0ϕ , 
defining the initial rectangular potential barrier height without image force 
incorporated, and me*, the electron effective mass. 0ϕ  is the energy difference 
between the nearest molecular energy level and the Fermi energy level of the Au 
electrode. Since the work function of PEDOT:PSS (5.2 eV) is 0.2 eV larger than 
the workfunction of gold (5.0 eV), the potential barrier at the PEDOT:PSS 
electrode is also 0.2 eV higher. The electron effective mass originates from the 
periodicity in the alkane backbone, where one unit cell is composed of two carbon 
atoms [10]. In Figure 6 the J–V characteristics obtained on alkanedithiols are 
plotted for four different molecule lengths ranging from C8 to C14 together with 









the modeling results using the Simmons model, including image potential with a 
dielectric constant of 2.1 that was measured before. 
 
   
Figure 5.7 Current density J obtained on alkanedithiols plotted versus the applied voltage V for 4 
different molecular lengths, ranging from C8 to C14. The error bars represent the standard deviation 
upon averaging over at least 17 devices. By incorporation of the image potential to the rectangular 
barrier model, and using an electron effective mass of 0.28, all the J–V characteristics are accurately 
described in the voltage range of –1 V to +1 V bias. 
 
Table 1 summarizes the effective mass and the barrier heights used to fit the 
tunneling current for the four different SAMs. Interestingly, all J–V characteristics 
measured on different molecule lengths (C8, C10, C12 or C14) are well described 
using only one unique electron effective mass of me* = 0.28 me. For effective 
masses < 0.25 me or > 0.30 me it is not possible to model the J–V characteristics. 
Remarkably, this is exactly equal to the theoretically predicted value of the electron 
effective mass by Tomfohr and Sankey, using a complex band structure for n-
alkanes of infinite length [10]. They found, using minimal basis set calculations, an 
electron effective mass of me* = 0.29 me with a band gap Eg = 10.25 eV. The 
calculated band gap is approximately twice 0ϕ , since the Fermi level of the contact 
is situated in the middle of the band gap [10,28]. Extended basis calculation 
resulted in me* = 0.28 me with a band gap Eg = 9.75 eV. The obtained electron 
effective mass is comparable to the electron effective mass used in ultra thin SiO2, 













Modeling results using the Simmons model with image potential included. 
SAM Length (Å) 
 inc. 2.3 Å Au–S 0
ϕ  (eV) me* εr 
HS-C8H16-SH 14.8 5.59 0.28 2.1 
HS-C10H20-SH 17.4 4.82 0.28 2.1 
HS-C12H24-SH 19.9 4.16 0.28 2.1 
HS-C14H28-SH 22.6 3.62 0.28 2.1 
 
Table 5.1 Results obtained by fitting the measured J–V characteristics with the Simmons model, 
including image potential. φ0 and me* are the used fit parameters. φ0 decreases with increasing 
molecule length from 5.59 eV for C8 to 3.62 eV for C14. The best fit to the data was obtained with an 
electron effective mass of 0.28 for all molecule lengths. 
 
Figure 5.7 demonstrates that the measured J–V characteristics can be described 
with the Simmons model when the image potential is included in the model. The fit 
to the data is accurate within the error of measurement over the full voltage range 
up to 1 V bias.  
Thus, in contrast to the rectangular tunneling model now the voltage 
dependence of the tunnel current is described with only one barrier height in both 
the low (< 0.3 eV) and intermediate voltage regime (0.3 V – 1 V). Furthermore, 
there is no need for the additional fit parameter α . However, the obtained barrier 
height, 0ϕ , at the Au/molecule interface decrease with increasing molecule length, 
ranging from 5.59 eV for C8 to 3.62 eV for C14. Although the obtained barrier 
heights are in the same range as the expected barrier height of around 4 to 5 eV, the 
systematic decrease of the barrier height with increasing molecule length has no 
physical origin. Contrary to conjugated molecules, insulating molecules such as 
alkanedithiols do not exhibit a decrease of the bandgap with an increasing length of 
the backbone. Even for polyethylene [34], which can be regarded as a very long 
alkane, Fujihira and Inokuchi measured with photoemission spectroscopy a large 
bandgap of 8.0 eV and ionization potential of 8.5 eV. 
We have demonstrated that, apart from the apparent decrease of the barrier 
height with molecule length, the Simmons model with the image potential and 
effective mass incorporated clearly provides an improved description of the 
experimental J–V characteristics as compared to the rectangular barrier model. 
However, we also want to place a critical note regarding the validity of the 
Simmons model in the low voltage regime. As a first step we replot the 
experimental data; the resistance R multiplied with the device area S on a log-scale 
is now plotted versus the applied voltage on a log-scale, as depicted in Figure 5.8 
for a C12 monolayer. This representation, introduced by Simmons in his original 
papers, especially reveals the details of the low voltage regime. In contrast to 
Figure 5.7 where the fit seems accurate in the whole bias regime, Figure 5.8 
directly shows that the shape of the fit from Simmons with a barrier height 0ϕ  = 









4.16 eV (solid line) does not accurately represent the complete shape of the 
experimentally obtained J–V. Up to ~ 0.3 V bias, the fit is not in good agreement 
with the measurement, and only at bias from 0.3 – 1 V the Simmons model fits the 
measurement. With solely the barrier height and the effective mass as a fit 
parameter we find that it is not possible to simultaneously describe both the low (< 
0.3 V) and high (> 0.3 V) bias regime with the Simmons model. A fit with the 
Simmons model for the low voltage regime with a barrier height of 4.30 eV is also 
plotted in Figure 5.8 (dashed line). For this barrier height the discrepancy between 
model and experiment is even larger and the model does not describe the data over 
the full voltage range, within the error of measurement. This discrepancy has not 
been noted so far in literature, since the published data are all plotted in current 
(density)–voltage graphs. Representation of the data in RS versus log V plots would 
be beneficial for further understanding of the transport mechanisms in tunnel 
junctions based on SAMs. 
 
  
Figure 5.8 Resistance R multiplied with the device area S on a log-scale plotted versus applied 
voltage on a log-scale for a C12 monolayer. This representation reveals the details of the low voltage 
regime. Up to ~ 0.3 V bias, the fit with a barrier height φ0 = 4.16 eV (solid line) obtained by fitting 
the J–V characteristic (Figure 6) is not in good agreement with the measurement, and only at bias 
from 0.3 – 1 V the Simmons model fits the measurement. An even larger discrepancy between model 
and experiment is obtained when the Simmons model is used to fit the low voltage regime, with a 
barrier height φ0 = 4.30 eV (dashed line). 










To summarize, we have applied the Simmons model, i.e., a rectangular 
potential barrier combined with the image potential, to the J–V characteristics of 
alkanedithiols in large-area molecular junctions. The strength of the image 
potential is determined by the dielectric constant. Due to the large and well-defined 
device areas of the large-area molecular junctions, the capacitance and the 
tunneling current can be measured in situ for different device areas. From 
impedance measurements we obtained a dielectric constant of 2.09 ± 0.05 for C14 
and 2.01 ± 0.08 for C12. When the dielectric constant of 2.1 is incorporated in the 
Simmons model to calculate the image potential, the model describes the data up to 
1 V bias, without any additional fit parameters besides the barrier height and the 
electron effective mass. We obtained barrier heights ranging from 5.59 eV for C8 
to 3.62 eV for C14. Irrespective of the length of the molecules, the data measured 
were in agreement with the modeling when using a unique electron effective mass 
of 0.28 me. Although theory and experiment are apparently in agreement for the 
full voltage range up to 1 V bias, a more detailed investigation by plotting log (RS) 
versus log (V) reveals a disagreement between the Simmons model and the 
experimental data. For voltages > 0.3 V the Simmons model with the image 
potential incorporated gives a good description of tunneling currents in molecular 
junctions, although the obtained decrease in potential barrier height with increasing 
molecule length remains unclear. 
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